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Abstract. The pandemic originated by coronavirus(covid-19), name coined
by World Health Organization during the first month in 2020. Actually,
almost all the countries presented covid19 positive cases and govern-
ments are choosing different health policies to stop the infection and
many research groups are working on patients data to understand the
virus, at the same time scientists are looking for a vacuum to enhance
imnulogy system to tack covid19 virus. One of top countries with more
infections is Brazil, until August 11 had a total of 3,112,393 cases. Re-
search Foundation of Sao Paulo State(Fapesp) released a dataset, it was
an innovative in collaboration with hospitals(Einstein, Sirio-Libanes),
laboratory(Fleury) and Sao Paulo University to foster reseach on this
trend topic. The present paper presents an exploratory analysis of the
datasets, using a Data Mining Approach, and some inconsistencies are
found, i.e. NaN values, null references values for analytes, outliers on re-
sults of analytes, encoding issues. The results were cleaned datasets for
future studies, but at least a 20% of data were discarded because of non
numerical, null values and numbers out of reference range.
Keywords: data mining, data science, covid-19, coronavirus, brazil,
sars-cov2, south america
1 Introduction
The outbreak of Coronavirus(Covid19) started with first cases on December
2019, in Wuhan(China). The first reported case[4] in South America was in
Brazil on 26 February 2020, in So Paulo city. The strategy to stop the infections
in the country was a partial lockdown to avoid the propagation of the virus.
On 28 January 2020, Ministry of Health of Brazil reported a suspected case
of Covid19 in Belo Horizonte, Minas Gerais state, recently one student returned
from China [1], [13]. The same day were reported two suspected cases in Porto
Alegre and Curitiba [5]. The first confirmed COVID-19 case [11] were reported
in Brazil, a man of 61-year-old who returned from Italy. The patient was tested
in Israelita Einstein Hospital in Sao Paulo state. On 14 May[12], more than 200
000 cases were confirmmed, this number double during the first days of May.
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Until August 11, the numbers of Brazil1 are: total of 3,112,393 cases, with an
increasing rate of new cases of 44,255(+1.4%) and a total of 2,243,124 recovered
cases.
Nowdays, many scientists are working around coronavirus covid19, but search-
ing for conducted studies in South America, there is only a few number. After
a searching in IEEX Xplorer using coronavirus, covid19 terms, one paper with
Brazilian Affiliation is found [18], related to data augmentation for covid19 de-
tection. Considering a preprint repository related to Medicine(Medxriv), using
terms: covid19, coronavirus, data mining more than 50 papers are found.
The table 1 presents the top 10 results of MedxRiv query. Four of this papers
is a conducted study for South America countries and there is any work analyzing
Brazilian context. In spite of, there is 4 papers with Brazilian Affiliation.
Author Title
Country
of Study
Keywords Affiliation
[8]
Covid19 Surveillance in Peru
on April using Text Mining
Peru
Natural Language Processing, Text Mining,
People behaviour, Coronavirus, Covid-19
University of Sao Paulo(Brazil),
Universidad Privada del Norte(Peru)
[9]
Text Mining Approach
to Analyze Coronavirus
Impact: Mexico City as Case of Study
Mexico
Natural Language Processing, Text Mining,
People behaviour, Coronavirus, Covid-19
University of Sao Paulo(Brazil),
Tecnologico Nacional del Mexico /
Instituto Tecnologico de Matamoros
(Mexico)
[6]
How was the Mental Health of
Colombian people on March
during Pandemics Covid19?
Colombia Not available University of Sao Paulo(Brazil),
[10]
Mining Twitter Data on
COVID-19 for Sentiment analysis
and frequent patterns Discovery
Algiers
tweets Analytics, COVID-19, sentiment
analysis, frequent patterns, association
rules mining
University of Science and
Technology Houari Boumedine
(Algiers)
[7]
Infoveillance based on
Social Sensors to Analyze
the impact of Covid19
in South American Population
South
America
(not Brazil)
Not available University of Sao Paulo(Brazil),
[2]
Spread of SARS-CoV-2 Coronavirus
likely constrained by climate
Not
applicable
Not available
National Museum of Natural
Sciences (Spain),
University of vora (Portugal),
University of Helsinki (Finland)
[3]
The Role of Host Genetic Factors
in Coronavirus Susceptibility:
Review of Animal and
Systematic Review of Human Literature
Not
applicable
Coronavirus; COVID-19;
Host genetic factors ; SARS-CoV-2
University of Florida College of
Veterinary Medicine(Usa),
National Institutes of Health(Usa),
Johns Hopkins Bloomberg School
of Public Health ,(Usa)
[16]
Early epidemiological assessment
of the transmission potential
and virulence of coronavirus
disease 2019 (COVID-19)
in Wuhan City: China,
January-February, 2020
China Not available
University Yoshida(Japan),
Kyoto University(Japan),
Georgia State University(Usa)
[14]
Analysis of Epidemic Situation of
New Coronavirus Infection at Home
and Abroad Based
on Rescaled Range (R/S) Method
China Not available
Sichuan Academy of Social Sciences
(China)
[19]
State heterogeneity of human mobility
and COVID-19 epidemics in
the European Union
European
Union
Coronavirus 2019, epidemics, geographic,
trends, public health intervention
Shanghai Jiao Tong University
School of Medicine(China),
University at Buffalo(Usa),
Yale University School of Medicine(Usa)
Table 1. Ten results of Medrxiv Query about covid19 papers in South America
Considering, the previous evidence it is necessary to conduct studies with
Brazilian data, then the initiative of Fapesp is valuable to foster research on
covid19 topic. The actual paper uses Data Mining Approach to perform an
exploratory analysis of the dataset of Brazilian patients of Sao Paulo State. The
methodology to explore data is presented in Section 2, the experiments and
results in Section 3. Conclusion states in Section 4, final recommendations and
future work are presenten in Section 5, 6.
1 Data extracted from website: https://virusncov.com/
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2 Methodology
The conducted work follows a methodology inspired in CRISP-DM[17]. The
image 1 presents the flow between the phases of the exploration.
Exploring Data
Data Exploration
Pre-processing
Cleaning
Analysis
Filttered Data
Visualization
Question Graphics
Fig. 1. Methodology
2.1 Exploring data
This step involves: check format files, open the files using a Language Program-
ming or a tool. Review number of registers or rows per each file. Check existence
of null values, check kind of each variable or field. For this step, Python Language
Programming and pandas package are used to manipulate the data.
2.2 Pre-processing Data
This step is related how to deal with data before of generate graphics for analysis.
– If a specific variable must be numerical, but there is string values, so it is
discarded
– If null values are found, a discarding process must be considered.
– If range reference for one exam, analytes is null then the analysis is not
possible.
2.3 Analysis
Using clean data is possible to answer some questions related to age distribu-
tion, sex distribution, distribution of results to detect anomalies or outliers. The
questions can require a kind of specific graphic to suppot analysis.
2.4 Visualization
Considering distribution of few classes, a pie chart is useful to check propor-
tions, subsection 3.3, 3.8 . For age distribution, bar plot can show how is the
distribution, see subsection 3.4, 3.5, 3.6. The analysis is dozen of values can be
supported for boxplot graphics, in subsection 3.9, 3.10.
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3 Experiments and Results
3.1 Datasets
The release of the datasets is the result of collaboration between Research Foun-
dation (FAPESP)[15], Fleury Institute, Israelita Albert Einstein Hospital, Sirio-
Libanes Hospital and the University of Sao Paulo. The goal is to contribute and
promote research related to Covid19. The datasets share the data dictionaries
of Patients(see Tab. 1), Test (Tab. 2).
Table 2. Data Dictionary of Patient Dataset- Einstein, Fleury, Sirio-Libanes Hospital
Variable Description Format Content
ID PACIENTE Unique identification of patient Alphanumeric characters String, key patient
IC SEXO Genre Alphanumeric character
F - Feminino(Female)
M - Masculino(Male)
AA NASCIMENTO Birth date Number
Example: 1959
(*) AAAA - for people was born before or equel 1930
CD PAIS Country of residence Alphanumeric Exemplo: BR
CD UF Federal State Identifier Alphanumeric characters
AC - Acre, AL - Alagoas, AM - Amazonas, AP - Amapa, BA - Bahia,
CE - Cear, DF - Distrito Federal, ES - Espirito Santo, GO - Gois,
MA - Maranho, MG - Minas Gerais, MS - Mato Grosso do Sul,
MT - Mato Grosso, PA - Par, PB - Paraba, PE - Pernambuco,
PI - Piau, PR - Paran, RJ - Rio de Janeiro, RN - Rio Grande do Norte,
RO - Rondnia, RR - Roraima, RS - Rio Grande do Sul,
SC - Santa Catarina, SE - Sergipe, SP - So Paulo, TO - Tocantins
CD MUNICIPIO Residence City Alphanumeric
Example: SAO PAULO, CAMPINAS, SANTO ANDRE
MMMM - for the lowest occurrences
CD CEP Postal Code Number (**) First five digits of Postal Code, (**) CCCC - for low number of ocurrences
Table 3. Data Dictionary of Tests - Einstein, Fleury, Sirio-Libanes Hospital
Variable Name Description Format Content
ID PACIENTE Unique identification of patient
Alphanumeric
character
String, patient key
DT COLETA Exam collection date Date (yyyy/MM/dd) Date
DE ORIGEM Origin of patient
Alphanumeric
character (4)
HOSP Exam made in a hospital
DE EXAME Description of Exam Alphanumeric Example: HEMOGRAMA(blood count)
DE ANALITO Analyte description Alphanumeric
Example: Eritrcitos(Erythrocytes),
Leuccitos(Leukocytes), Glicose(Glucose)
DE RESULTADO
Result of exam,
related to DE ANALITO
Alphanumeric
If DE ANALITO requires numerical values,
Integer ou Float
If DE ANALITO requeries qualitative,
String with restrict domain
CD UNIDADE Unit of measurement Alphanumeric
String
Exemplo: g/dL (grams por deciliter)
DE VALOR REFERENCIA
Reference values
for DE RESULTADO
Alphanumeric
String - Reference value for de analito in
the population MinV alue, MaxV alue
No Detectado(Not detected)/Detectado(Detected)
Example for glucose: 75 to 99
Example for progesterone: until 89
The size of dataset are presented in Table 3 for three data sources. SL Hospital
provided a dataset about outcomes of the patients.
Table 4. Features of Dataset
Einstein Hospital Fleury SL Hospital
Patient(size) 43,562 129,596 2,731
Test(size) 1,853,695 2,496,591 371,357
Test(Dates)
2020-01-01
to 2020-06-24
2019-11-01
to 2020-06-15
2020-02-26
to 2020-06-27
Outcome(size) - - 9,634
Outcome(Dates) - -
2020-02-26
to 2020-06-29
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3.2 Exploration
This subsection present some graphics to describe data and let posterior analysis,
besides the requeriment of some graphics related to distribution, i.e. bar plot,
boxplot.
Description of datasets The Figure 2 is presented with counting values,
unique values, top for each field. The name of columns were transformed to
lowercase to have an uniform name of fields.
Fig. 2. (a) Einstein, (b) Fleury and (c) SL Datasets Description
– Figure 3.b presents a different number of id paciente in patient dataset and
exam dataset, 129596(patient) 129595(exam).
– Einstein and SL Hospitals( cd pais ) presents people living in countries dif-
ferent than Brazil.
– The most frequent age of patients is: 38(Einstein, Fleury) and 34(SL).
– Female patients are higher in number in Einstein, Fleury.
– Most frequent cd uf, cd municipio is Sao Paulo State or city and CCCC is
most common in Postal Code, so this places do not have meaningful number
of ocurrences.
– Einstein and Fleury have a unique de origem: Hosp, Lab respectively. But
SL Hospital has 56 different.
– The exam hemograma(blood count) is the most frequent in the datasets, and
de analito more frequent in Eistein, Fleury are related to Covid19.
– Eistein has the lowest number of different de exame(61), de analito(127).
Fleury has the highest de exame(722), de analito(978). SL has de exame(478),
de analito(652). Therefore, numer of de valor referencia are related.
– SL Hospital presentes NaN(Not a number) values, then it is possible find
NaN values in the datasets.
3.3 Sex Distribution
Female population is slightly bigger than male population in Einstein, Fleury
but SL presents male population bigger for 0.05%(29 people), see Fig. 3.
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Fig. 3. Sex Distribution(Einstein, Fleury and HL)
3.4 Age Distribution
Datasets of Einstein, Fleury have younger patients from 0 to 14 until 89 but SL
Hospital only from 14 to older(86), this graphics are presented in Fig. 4
Fig. 4. Age Distribution (Einstein, Fleury, SL)
3.5 Date Collection of Exams
The graphic Fig. 5 presents the number of collect exams per day and month,
Einstein presents an increasing number from January to June, Flury a decreasing
from January to April but a peak on May, June. Besides, SL Hospital has an
increasing from February to June.
3.6 Most frequent exams per month
To answer what were the most frequent exams during the month of each dataset,
graphic Fig. 6 presents the 20 most frequents.
– Three datasets has blood count exam on the top of each month.
– Only Fleury has exams related to covid19 detection on April, May, June on
the top 5.
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Fig. 5. Date Distribution (Einstein, Fleury, SL)
– There are many kind of exams related to covid19 for Hospital, i.e. PCR,
Sorologia SARS-Cov-2/Covid19 (Einstein). Fleury has NOVO Coronavirus
2019, Covid19 Anticorpos lgG, lgM, lgA and more. SL Hospital has Covid-
19 PCR para Sars-Cov2 and a problem with encoding is detected in this
dataset.
– For the previous reason, each dataset is studied separately.
Fig. 6. Exam Distribution (Einstein, Fleury, SL)
3.7 Most frequent analyte per month
Einstein and Fleury presents analytes related to covid19, i.e. resultado covid19,
Covid19 deteccao por PCR, Covid19 material and more. Again, Fleury presents
a variety of names for analytes related to covid19. And SL Hospital does not
have any in the top 20(see Fig. 7).
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Fig. 7. Analyte per month(Einstein, Fleury, SL)
3.8 Covid19 Analytes Distribution
Considering analytes related to covid19, graphic 8 presents the number of de-
tected/not detected during the months for Hospital Einstein. Fleury and SL do
not have an standardized outputs of covid19 exams, therefore is not possible to
generate the graphics yet.
Fig. 8. Analyte per month(Einstein)
3.9 Boxplot of most frequent exams
Considering top 14 of de analito and de resultado, the graphic Fig. 9 is present-
ing boxplot of the values of Einstein Hospital. It is necessary not to consider
qualitative values, then only numerical values were used to build the plot. An-
alyzing the graphic is remarkable to many outliers in many of analytes, then a
cleaning process is necessary.
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Fig. 9. Boxplot of top 14 analytes (Einstein)
Splitting data of covid19 detected and no detected, figure Fig. 10 is presented.
Again, outliers are present in Fleury dataset. Red ones(detected), blue(not de-
tected).
Fig. 10. Boxplot of top 14 analytes(Fleury)
Using a cleaning process using standard deviation(std) is proposed, because
the outliers are further than median and in normal case two or three times
higher is considered an abnormal value but in this situation, to have a better
visualization of boxplot was used 0.5*std(see Fig. 11) and 0.2*std(see Fig. 11)
on Einstein dataset considering analytes with abnormal values.
Fig. 11. Boxplot of Cleaned dataset of Analytes with Abnormal Values, 0.5*std
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3.10 Cleaning using Reference Values
The next graphics are created splitting Einstein dataset for genre. There is pres-
ence of NaN values in the reference value then these analytes are discared for
the graphic, table 3.10 presents the no valid de analito, it is a total of 8.
Table 5. No valid de analito for no valid reference range
De analito Unity
Range
Reference
Neutrfilos % nan
Dosagem de Glicose nan nan
Basfilos % nan
Eosinfilos % nan
Moncitos % nan
Linfcitos % nan
Leuccitos x10ˆ3/uL nan
Plaquetas x10ˆ3/uL nan
Plotting the distribution(Fig. 12) for 30 most frequents analytes for men.
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Fig. 12. Men Analytes
The next graphic 13 present the distribution for positive cases of covid19.
In the two previous images 12 and 13 is possible to observe a concentration
of outliers in the sides of the normal distribution, i.e. TGO, TGP, Creatinina,
Neutrfilos #, Ureia.
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Fig. 13. Men Analytes - Positives covid19 cases
And graphic 14 introduces the result after of cleaning values and considering
patients with positive cases and the date when it was detected until it finishes
or open(no date for discard test). Because the aim of the analysis is understand
how is the behaviour of the patients with positive diagnosis of covid19 during
the active phase of virus, from the start until the end. Analyzing, Fig. 14, it is
possible to notice that the presence of outliers has disappeared, an exception
with Basfilos #.
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Fig. 14. Filtered Men Analytes - Positives covid19 cases
Finally, Table 3.10 presentss the steps used to clean data and generate Fig.
14. First, only numerical values are considered, null values are discarded, and
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values out of reference range are not considered. For checking if values are inside
of reference range, it was manually because there was many reference values too,
only the lowest and highest value were used to filter data. Then, the reduction
can be from 0.83 to 75.30 %. An initial number of exams was 108,152 and final
value after filtering 86,814 with a reduction of almost 20% of the available data.
Now, dataset is ready to answer more question and the research can continue.
Table 6. Reduction of Dataset
de analito Initial
Only
Numericals
Not null Range Reduction
Magnsio 2733 2733 2725 675 75.30
TGO 1884 1884 1865 1799 4.51
TGP 1887 1887 1873 748 60.36
Clcio Inico mmol/L 3585 3585 3553 3494 2.54
Neutrfilos # 3770 3770 3746 3704 1.75
Creatinina 4959 4959 4948 2499 49.61
Sdio 5316 5316 5301 3684 30.70
Potssio 5825 5825 5787 4436 23.85
Uria 5328 5328 5319 2710 49.14
Basfilos # 5525 5525 5500 3555 35.66
RDW 5540 5540 5514 4554 17.80
Eosinfilos # 5543 5543 5518 3936 28.99
HCM 5553 5553 5529 5457 1.73
Moncitos # 5569 5569 5544 5354 3.86
Linfcitos # 5570 5570 5545 5374 3.52
CHCM 5561 5561 5537 5515 0.83
VCM 5563 5563 5540 5485 1.40
Leuccitos # 5567 5567 5544 4778 14.17
Volume Mdio Plaquetrio 5656 5656 5632 5632 0.42
Hemcias 5585 5585 5562 4561 18.33
Hemoglobina 5818 5818 5793 4572 21.42
Hematcrito 5815 5815 5790 4292 26.19
Total 108152 86814 19.73
4 Conclusions
Coronavirus pandemic is active in the world, scientist are working to understand
how to stop the virus, many areas are studying the covid19 impact in Heath,
Economy therefore datasets related to patients are useful and important. Fapesp
initiative to gather university and hospital is remarkable because it can foster
research on the topic.
Real world datasets are not clean or ready for Data Mining or Data Science
tasks then an exploratory phase is mandatory to see if data can be representative
or useful to answer questions. Then, many cleaning steps were necessary to
generate the final dataset and graphic, besides this cleaning step reduced the
available dataset of men in 20%, with a maximum value of 75.30% for Magnesium
Analyte, then it is possible a meanignful reduction of data is a cleaning task is
performed.
Finally, share the process of analysis is useful for researchers interested to
analyze with this dataset, so it can save time, effort to future research.
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5 Recommendations
For researchers interested to work with these datasets, consider:
– Check if range of dates for each dataset to know if this data is useful for
your study.
– Sirio-Libanes Hospital has some issues related to encoding, this is the small-
est dataset then you must analyze if it useful for analysis and search for the
problems to fix them.
– Only Einsteing dataset has a standardized output for covid19 exams: de-
tected or not detected. If you are from Computer Science or related field,
this is better for your study. Because, Fleury has a variety of outputs, there-
fore is necessary the presence or advice of one person related to Medicine to
explain you the different values.
– If you want to automatize filtering considering reference range of values,
remember there are many for many analytes, then the suggestion is check
this manually to check if it is possible to code the process.
6 Future Work
For further work, a crossing of data is proposed to improve the analysis consider-
ing other variables, i.e. social-economic data, previous existence of health issues
related to patients, considering data of other hospital to enhance the study. By
the other hand, a deep analysis will be performed with this new cleaned dataset.
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